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Solar active regions: The footpoints of 1 MK loops
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Abstract. On-disc SOHO and TRACE observations of the footpoints of 1 MK quiescent loops in a solar active region are
presented. These types of loops are long-lived and high-lying features that are best seen in the TRACE 173 Å passband, sensitive
to 1 MK temperatures. SOHO/CDS data are used to show the clear association between the high-lying 1 MK coronal emission
and emission formed at lower heights and temperatures, in the transition region. The 1 MK loops are rooted in strong unipolar
regions located at the supergranular network boundaries. These loops have near-isothermal distributions at each location along
their length, with peak emission measures at T = 0.7 MK, where electron densities are ∼2 × 109 cm−3. The loops showed
photospheric abundances, at odds with previous results based on Skylab data.
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1. Introduction

One of the common features in the Transition Region and
Coronal Explorer (TRACE) and SOHO/EIT (EUV Imaging
Telescope) images of active regions (ARs) in the EUV pass-
bands centred around 173 Å are high-lying and long-lived
loops having temperatures T � 106 K (see the review by
Schrijver et al. 1999). The properties of these “1 MK loops”
are presented in detail by Del Zanna & Mason (2003) us-
ing off-limb TRACE and SOHO/CDS (Coronal Diagnostic
Spectrometer) observations. Most of their results are at odds
with the current literature. The loops were found to have de-
creasing temperatures toward their bases and to be nearly
isothermal at each location along their length. One drawback
with that analysis was that the loop footpoints were not clearly
visible.

The aim of this paper is to use on-disc SOHO and
TRACE observations to describe the general properties of the
1 MK loop footpoints in terms of densities, temperatures, el-
emental abundances, and their relation to the underlying pho-
tospheric magnetic field. The literature of on-disc AR obser-
vations is extensive, but there are virtually no detailed studies
where the footpoints of these 1 MK loops are clearly identi-
fied. It turns out that these footpoints produce strong emis-
sion in transition region (TR) lines formed in the range T =
0.1−0.8 MK. The TRACE bandpasses do not provide sufficient
information in this temperature range. The CDS observes emis-
sion lines formed over a large temperature range, from chro-
mospheric to coronal temperatures, and is therefore the ideal
instrument to complement the TRACE observations.

Before SOHO, many AR studies were based on the
Skylab SO82A slitless spectrometer. This instrument produced
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overlapping spectroheliograms that could only provide partial
information for bright compact sources. For this reason, many
studies (e.g. Widing & Feldman 1993; Sheely 1996; Widing
1997; Widing & Feldman 2001) were limited to analyses of
the footpoints of AR loops, some of which might have been as-
sociated with the same type of 1 MK quiescent loops that are
discussed here. In particular, most studies focused on measure-
ments of Ne/Mg relative abundances. Elemental abundances
were found to differ from photospheric values in a way re-
lated to the first ionization potential (FIP) of these elements
(see e.g. Raymond et al. 2001). The main well-established re-
sults from Skylab data were: 1) newly born active regions show
a “photospheric” Mg/Ne relative abundance (AMg/Ne = 0.32,
FIP bias = 1); 2) the FIP bias increases in a matter of hours,
reaching coronal values (AMg/Ne = 1.4, FIP bias = 4) just af-
ter a day or two, and values up to 7−9 in 3−7 days. Detailed
studies of FIP bias variations are of great importance in stellar
physics since they can give us clues to an understanding of the
(still unknown) basic physical processes at work in the element
fractionation.

SOHO/CDS observations have been used by Young &
Mason (1997) and Fletcher et al. (2001) to study active re-
gion brightenings. Transition region densities N e � 109 cm−3

were found. The observed brightenings showed a strong vari-
ability in their Mg/Ne relative abundances, with FIP biases in
the range 1 to 9. However, as in the case of the Skylab re-
sults, the relationship between the brightenings, the underlying
photospheric field and the overlying coronal structures was not
clearly defined.

2. Observations and results

On 1998 May 13 TRACE (with all its filters) and CDS
(with the Normal Incidence Spectrometer-NIS) simultaneously
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observed NOAA 8219 for most of the day, close to merid-
ian. The main features of this quiescent active region remained
the same throughout the day. NOAA 8219 was an ordinary
small bipolar AR with a minute sunspot, no filaments and
no significant flaring activity. It was already well developed
on May 7 when it was close to the east limb. The dataset
analysed is vast and includes Yohkoh/SXT, SOHO/MDI, EIT,
CDS and ground-based observations over a time span of many
days. Here, only CDS observations on May 13, complemented
by TRACE and SOHO/MDI near-simultaneous data, are pre-
sented. The instruments, data analysis and diagnostic methods
used here are the same as those used and described in detail in
Del Zanna & Mason (2003). Here we note that the CDS study
AR MON contained a large number of lines emitted from chro-
mospheric to coronal temperatures. The CDS field of view
(FOV = 4 × 4′) was covered by scanning the 4 × 240 ′′ slit
from West to East between 07:50 and 08:46 UT. The CDS cali-
bration by Del Zanna et al. (2001a) and the CHIANTI pack-
age (v. 4.02, Young et al. 2003) have been used. The pixel
resolutions of the MDI, TRACE and CDS data presented here
are 2 × 2′′, 0.5× 0.5′′and 4 × 3.36′′ along the E-W and N-S di-
rections (1′′ � 730 km). The various observations have been
accurately co-aligned. DEM analyses were performed, but here
only results from the emission measure (EM) loci method are
presented. The method (see Del Zanna et al. 2002 for details) is
to plot the ratio between the observed intensities and the contri-
bution functions as a function of T , to constrain the EM values
and to estimate the elemental abundances. This method is par-
ticularly useful when the emission is nearly isothermal because
in this case all the curves should cross at one point.

AR 8219 had many 1 MK loops. Only the loop legs are
clearly visible in the TRACE 173 Å images. Figure 1 shows
the first loop leg, that has a typical comet-shaped morphol-
ogy as observed in the TRACE 173 Å bandpass. This loop
leg was approximately aligned along the N-S direction and had
the corresponding footpoint (of the opposite polarity) outside
the TRACE FOV. The TRACE 173 Å image has a correspon-
dence in the CDS lines formed at T = 1 MK (e.g. Mg IX),
as expected, since the TRACE 173 Å passband mainly ob-
serves Fe IX and Fe X, which are formed at 1 MK. On the
other hand the TRACE 195 Å image, commonly thought to be
dominated by Fe XII emission, does not have a correspondence
with the CDS Fe XII image, where no emission is present. The
TRACE 195 Å band is most probably dominated by lower-
temperature Fe VIII lines, which make diagnostics based on
this band unreliable. These issues are discussed in detail in
Del Zanna & Mason (2003). Figure 1 shows that the maximum
emission in Mg IX is located in region A3, while the peak emis-
sion in lines that are formed at progressively lower tempera-
tures shifts southward. The peak emission in TR lines (Mg VII,
T = 0.6 MK) is located in region A2, while the footpoint is
located in region A1, clearly visible as a compact emission in
the lower transition region lines such as O III, Ne V (see O V,
T = 0.25 MK). The region A1 corresponds to a strong photo-
spheric unipolar region.

The fact that the loop leg is only visible in lines formed
in a restricted temperature range, having peak emission lo-
cated at different spatial positions, is an obvious consequence

Fig. 1. MDI magnetogram, CDS monochromatic and TRACE neg-
ative images of a 1 MK loop. MDI magnetogram isocontours (50,
100 G) are displayed on the CDS and TRACE images. Regions A1,
A2, A3, corresponding to the loop visibility at T � 0.1−0.3 (O V),
0.6 (Mg VII) and 1 MK (Mg IX) are displayed on the CDS images
with different symbols and with their contours on the TRACE 173 Å
image.

of its thermal structure. This characteristic, together with the
fact that the observed lines are optically thin, has a few im-
portant consequences from a diagnostic point of view. First
of all, the loop is almost isothermal at each location along its
length. This is confirmed by EM analyses. An example is pro-
vided in Fig. 2, where the EM curves of region A2, cross-
ing approximately at log T = 5.85, are displayed. Second,
the loop leg has a steep temperature gradient in just a few
CDS pixels. This, together with the fact that the tilt of the
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Fig. 2. Emission measure curves for region A2. The curves were cal-
culated with: the ionization tables of Mazzotta et al. (1998); the pho-
tospheric abundances of Grevesse & Sauval (1998) with the oxy-
gen abundance corrected to a value of 8.7 (N. Grevesse 2000, priv.
comm.); and Ne = 2 × 109 cm−3.

loop is unknown, makes accurate measurements of tempera-
tures and densities along its length difficult. However, accurate
measurements at T = 0.6 MK can be obtained with the use
of the Mg VII 319.0/367.7 Å density-sensitive ratio as shown
in Table 1. Third, only results that use lines formed in a lim-
ited temperature (hence height) range can be valid. In particu-
lar, this is important when studying elemental abundances. For
example, the relative O/Ne abundance is well constrained at
T = 0.2 MK by O V and Ne V lines that are only observed
in region A1. Transition region lines such as Ne VI, Ne VII,
Mg VI, Mg VII, Si VIII, Ca X are only observed in a lim-
ited spatial area (region A2). Abundance measurements involv-
ing Ne, Mg, Si, and Ca can only be provided for that area.
The results for this loop are consistent with photospheric
abundances. Fourth, line-of-sight contamination of background
and foreground emission makes all measurements of loop char-
acteristics subject to some additional uncertainty. Del Zanna
& Mason (2003) have shown that this contamination has a
major effect on the results derived from off-limb observations
because of the long path lengths. In the on-disc case, contam-
ination is generally smaller. Averaged background intensities
have been obtained from a nearby quiet Sun cell-centre region
and subtracted from the loop line intensities before any subse-
quent analysis (EM, density). The TR lines used here are very
bright at the loop base locations and contamination is small (of
the order of 10%).

Two other 1 MK loop bases were analysed in detail. One
is shown in Fig. 3. As in the case of the first loop, a few re-
gions were selected for further analysis. Table 1 presents the
electron densities of the various areas at the Mg VII heights.
All the loops analysed presented the same characteristics as the
first loop. In particular, in terms of abundances all the loops
had photospheric abundances (although uncertainties related to
the ion fractions are large – say a factor of 2). This is at odds
with the Skylab results since this active region emerged at least
5 days before and should have a large FIP bias. It could well
be that not all active regions present a FIP-bias trend or that the

Fig. 3. As Fig. 1, for the fan of 1 MK loops.

Table 1. Electron densities Ne derived from the Mg VII 319.0/367.7 Å
ratio R for the regions shown in Figs. 1, 3.

Region R (counts) R (erg) Ne (109 cm−3)

A2 0.19 ± 0.03 0.54 ± 0.08 1.9 ± 0.7
A3 0.10 ± 0.04 0.28 ± 0.10 0.6 ± 0.3
B1 0.19 ± 0.01 0.55 ± 0.04 1.9 ± 0.4
C1 0.22 ± 0.03 0.63 ± 0.09 2.6 ± 1.0
C2 0.18 ± 0.01 0.52 ± 0.04 1.7 ± 0.3

AR loops observed with Skylab SO82A were different types
of loops. A more probable explanation is that a FIP bias of a
loop is related to the lifetime of the magnetic fragments at its
footpoints and not to the age of the active region.

Another possibility is that the results based on Skylab over-
estimated the FIP bias. Del Zanna et al. (2001b) and Del Zanna
et al. (2003) have already shown that previous results based on
Skylab data seriously overestimated the FIP bias (up to a fac-
tor of 10 for coronal hole plumes). This was mainly caused by
the use of approximate diagnostic methods. To test this possi-
bility, the Widing & Feldman (1993) active region data have
been re-analysed, with the use of more recent atomic calcula-
tions. Widing & Feldman (1993) measured TR line intensities
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Fig. 4. EM curves of the Skylab data of Widing & Feldman (1993)
calculated with the coronal abundances of Feldman (1992) and the
ionization tables of Mazzotta et al. (1998).

at the footpoint of an AR loop and found a large FIP bias of 14
(AMg/Ne = 4.4 assuming a photospheric AMg/Ne = 0.32). The line
intensities provided by Widing & Feldman (1993) have been
used to compute the EM curves, which are shown in Fig. 4.
Quite surprisingly, the data are consistent with a FIP bias of
only 3.7 (AMg/Ne = 1.18). This suggests that previous results
based on Skylab data overestimated the FIP bias by large fac-
tors also for active regions. The remarkable similarities be-
tween the EM curves of Fig. 4 and those of Fig. 2 suggest that
the footpoint studied by Widing & Feldman (1993) could have
been associated with the same 1 MK loops discussed here.

3. Summary and conclusions

On-disc SOHO and TRACE observations of the footpoints
of 1 MK quiescent loops show a clear relation between
the emission in the corona (T � 1 MK), the transition
region (T = 0.2−0.9 MK) and the photosphere. The loops
are rooted in strong unipolar regions that are located at or
near the supergranular network boundaries. These loops
have near-isothermal distributions at each location along
their length. Their temperature has a steep increase in the
transition region around T = 0.7 MK, where emission
measures peak and electron densities are �2 × 109 cm−3.
These results confirm and extend those of Del Zanna &
Mason (2003), where off-limb observations were presented
and discussed in more detail. Various effects that compli-
cate the analysis and the interpretation of observations of
active region loops have been discussed. TRACE data have
severe limitations in their diagnostics, while CDS data are
excellent for temperature and for some elemental abundance

diagnostics. To accurately determine densities, spectroscopic
instruments that measure density-sensitive ratios of lines that
are formed at the various loop temperatures would be needed.
This is something that future instruments should address.

The observed 1 MK loops did not show a FIP effect, which
is at odds with previously well-established results based on
Skylab data. The fact that Widing & Feldman (1993) proba-
bly overestimated the FIP bias by a factor of 4 suggests that the
results based on Skylab data need revision. However, it should
be kept in mind that previous results on active region FIP bias
variations might apply to different types of loops.

Despite decades of studies the general properties of the
1 MK quiescent loops are described for the first time in some
detail here and in Del Zanna & Mason (2003). Previous studies
of AR loops either do not apply to this class of loops or contain
results that need to be revised. More work on both the observa-
tional and theoretical side is still needed to characterise these
1 MK loops, that are among the most common features in solar
active regions.
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